The scientific research on ecosystem services (ES) has grown substantially over the past ten years, making more evident the vital role played by natural ecosystems in support of human economy and well-being. Several studies showed that biodiversity represents a fundamental part of the Earth's life support system. Biodiversity considerably affects ecosystem functioning while contributing to the provision of different types of ES. The increasing ecological awareness of scientists, citizens, and policy makers on the importance of natural capital stocks and ES flows boosted nature conservation strategies and the development of more environmentally friendly production processes. In this study, we explored the global scientific literature on ES over the last thirty years. The software VOSviewer was used to create maps based on network data of scientific publications displaying relationships among scientific journals, researchers, and countries. Specific keywords were finally used to explore the co-occurrence of different terms connected to the research on ES. Results show that the Millennium Ecosystem Assessment had a major impact on the scientific literature dealing with the ES concept. The top country researching on ES was USA, while the top journal was Ecological Economics. In terms of co-occurrence, the top keywords were "biodiversity", "management", "conservation", and "climate change". This study identified the main research areas characterizing the scientific literature on ES. Social network analysis and maps based on network data make possible the application of systems thinking in bibliometric science. This type of analysis allows for the investigation of research development in specific fields of science, capturing the interdisciplinarity of research topics crossing the boundary of specific disciplines, as it is the case of ES.
Introduction
Human life and well-being are strongly dependent on nature and rely on the variety of services that ecosystems provide (Daily, 1997) . The concept of ecosystem services (ES) was first introduced by Erlich and Erlich (1981) as a way to express how society values natural functions. In 1997, Daily defined ES as "the conditions and processes through which natural ecosystems, and the species that make them up, sustain and fulfill human life" (Daily, 1997) . In the same year, Costanza et al. (1997) conducted a quantitative assessment of the value of the world's ES, which led to a considerable increase in the research and application of the concept at academic and institutional levels. Since then, the attention on the subject has grown exponentially, especially considering the ongoing depletion and degradation of natural systems caused by anthropogenic activities occurring worldwide (Costanza et al., 2017) . Given the increased awareness on the importance of the ES concept, many international initiatives have been launched to standardize the definition, classification, and assessment of ES (Table 1) .
In 2000, the United Nations launched the Millennium Ecosystem Assessment (MA), an international initiative to assess the consequences of ecosystem change on human well-being. The MA synthesized existing information from scientific literature and provided knowledge about the condition and trends of the world's ecosystems and their services. According to the MA, ES can be broadly classified in four categories: 1) provisioning services (i.e., the provision of products from ecosystems), 2) regulating services (i.e., benefits derived from the regulative action of ecosystem processes), 3) cultural services (i.e., non-material benefits derived from ecosystems), and 4) supporting services (i.e., ES that are necessary for the maintenance of all other ES). In 2005, the MA established that humans had already degraded 60% of the Earth's ecosystems, jeopardizing their ability to provide services and sustain future generations. Finally, the MA concluded that actions could be taken to restore most of the degraded ES, assuming substantial changes in policy and management practices (MA, 2005) .
Following the MA, The Economics of Ecosystems and Biodiversity (TEEB) global initiative was launched by Germany and the European Union in 2007. The main goal was to make nature's value visible in decision-making at all levels, by recognizing the wide range of benefits provided by ecosystems and biodiversity and valuing them in economic terms (TEEB, 2010) .
In 2011, the European Union adopted The Biodiversity Strategy 2020 with the aim to stop the loss of global biodiversity and ES. In particular, one of its targets focuses on maintaining and enhancing ES in the territory of the Member States by 2020 (Maes et al., 2013) .
Another important contribution that highlights the increasing international relevance of the ES concept is represented by the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) established by the UN in 2012. Its mission was to create a science-policy interface by recommending tools and methods for sustainable development while encouraging the assessment of ES and related benefits for humans (Díaz et al., 2015) .
Finally, released in 2013 and updated in 2016, the Common International Classification of Ecosystem Services (CICES) builds upon other existing classifications to favor a better understanding of how ES are measured and analyzed. Differently from other classifications, CICES makes a distinction between services and benefits, and does not include the supporting services category, considered to be underlying the ecosystems functioning (Haines-Young and Potschin, 2013; Potschin and Haines-Young, 2016) .
Since its first formulation, the ES concept has been widely applied through ecological and socio-economic assessments. These assessments have supported decisionmaking processes, also increasing the understanding of the value of nature in support of human economy (Buonocore et al., 2018; Häyhä and Franzese, 2014 Classifying the outputs of ecosystem services (www.cices.eu) The scientific research on ecosystem services: A bibliometric analysis
The goal of the present study is to explore the global scientific literature on ES to track the evolution and trends on the topic over the last three decades. A bibliometric analysis was conducted to create maps based on network data of scientific publications displaying relationships among scientific journals, researchers, and countries. Specific keywords were finally used to explore the co-occurrence of different terms connected to the research on ES. This approach allowed for the identification of the main areas and actors linked to the research on ES.
Methodology

Bibliometric analysis
The review of the scientific literature on ES was conducted through a bibliometric analysis. Bibliometrics uses statistics and quantitative analysis to investigate knowledge structure and development of research fields (Reuters, 2008; Zou et al., 2018) . Such analysis allows for the construction of a network based on the relationships between countries, journals, organizations, authors and keywords dealing with the investigated topic (Chen et al., 2016) .
In this study, the bibliometric analysis was performed using the software VOSviewer (version 1.6.8). VOSviewer is a software tool based on social network analysis allowing for the creation, visualization, and exploration of maps based on bibliometric network data, displaying clusters that support the classification of output results. The main technical terms used by the software are explained in Table 2 .
VOSviewer can generate different types of bibliometric networks and maps. In this study, we performed coauthorship, co-occurrence, and citation analyses to create maps showing the network of: (1) the co-authorship among researchers and countries, (2) cited scientific journals, and (3) the co-occurrence of keywords (Table 3 ). In each of these maps, the size of items is determined by their "total link strength" while the thickness of each connection is based on the "link strength" ( Table 2 ).
The number of clusters is determined by the resolution parameter. The higher its value, the higher the level of detail and consequently the number of clusters. Its value can be arbitrarily set by the user to visualize an appropriate number of clusters in the maps (Van Eck and Waltman, 2018) . In our case, we applied a resolution equal to 1 for all the analyses. 
Term Description
Items Objects of interest (e.g., publications, researchers, keywords, authors).
Link
Connection or relation between two items (e.g., co-occurrence of keywords).
Link strength Attribute of each link, expressed by a positive numerical value. In the case of co-authorship links, the higher the value, the higher the number of publications the two researchers have co-authored.
Network Set of items connected by their links.
Cluster Sets of items included in a map. One item can belong only to one cluster.
Weight attribute: number of links The number of links of an item with other items.
Weight attribute: total link strength The cumulative strength of the links of an item with other items. Table 3 . Different VOSviewer types of analyses used in this study Waltman, 2014, 2018) 
Types of analysis Description
Co-authorship In co-authorship networks, researchers, research institutions, or countries are linked to each other based on the number of publications they have authored jointly.
Co-occurrence The number of co-occurrences of two keywords is the number of publications in which both keywords occur together in the title, abstract or keyword list.
Citation
In citation networks, two items are linked if at least one cites the other.
Bibliographic research and data collection
Documents were collected on July 13 th , 2018 by research on the web search engine Web of Science. The search string used was composed by the term "ecosystem services". The research was performed using a time frame from 1990 to 2018 and the Web of Science Core Collection database. The data were saved as "Tab-delimited (Win)" files from "Full Record" and "Full Record and Cited References" record contents. The "Full Record" content was used for co-authorship analyses (i.e., authors and countries network maps) and for the analysis of the co-occurrence of keywords. Finally, the "Full record and Cited References" data were used for the citation analysis of scientific journals.
Given the impact that MA had on the diffusion and development of the ES concept in various scientific domains, two sets of analyses were performed in the case of co-occurrence of keywords, namely before and after the release of the final MA report (2005) . Therefore, in this last case the timespans used were from 1990 to 2005 (before MA, referred to as "BMA") and from 2006 to 2018 (after MA, referred to as "AMA").
Temporal trend analysis
In addition to the bibliometric network analysis, we performed an analysis of the temporal trend of the number of publications for each year. The trend was investigated before and after the MA final report (i.e., 1990 -2005 and 2006 -2017, respectively) . Being still in progress, the year 2018 was omitted from this analysis.
Results and discussion
Temporal trend analysis
Overall, the search on the Web of Science Core Collection database produced 24,400 scientific articles published from 1990 to 2017. The search resulted in 1,485 and 22,915 articles for the BMA and the AMA timespans, respectively. Figure 1 shows the trends associated with the two timespans. Differently from the BMA timespan, whose increase is expressed by a linear function (R 2 = 0.94), the AMA trend shows instead an exponential growth (R 2 = 0.99). This outcome highlights the major impact on the scientific Figure 1 . Temporal trends of scientific articles published before MA (BMA, blue line) and after MA (AMA, orange line) community generated by the MA which boosted the application of the ES concept in different fields of science.
Bibliometric network analysis
The bibliometric network analysis generated five different network maps (Fig. 2-6 ). For each map, we report the five most important items based on total link strength (Table 4-8).
Co-authorship authors network
The co-authorship analysis of authors resulted in 63,325 authors. By default settings of VOSviewer, we omitted articles with a number of co-authors greater than 25 to avoid considering negligible contributions in the network map. Applying a threshold of a minimum of 5 articles published per author, 3,863 authors were selected. The analysis resulted in 13 clusters (Fig. 2) . The top five authors based on total link strength are reported in Table 4 . The analysis produced several well-defined clusters of authors publishing on ES. Many relevant authors on the subject are placed in the center of their respective clusters, highlighting the importance of their contributions to the development of the research on ES.
It is worth noting that all the top five authors are Chinese and belong to the same cluster, suggesting a considerable research effort of the Chinese scientific community on the ES topic, even though their cluster is not showing many interconnections with the other clusters.
Co-authorship countries network
The co-authorship analysis of countries provided 194 results. Articles co-authored by researchers belonging to more than 25 countries were not included in the analysis. Applying a threshold of a minimum of 5 documents published per country, 136 countries were selected. The analysis generated 6 different clusters (Fig. 3) . The first five countries based on total link strength are shown in Table 5 .
USA ranks higher than all the other countries in all the parameters: total link strength, links, articles, and cita- tions. In particular, articles and citations are approximately three times bigger than those of England. Instead, the total link strength is comparable to the other countries, having a similar number of links. It is interesting to note that, despite the major contribution of Chinese authors suggested by Fig. 2, People' s Republic of China does not rank high in the co-author network map of countries (Fig. 3) . This could be explained by intense intra-national research activity on the subject, not followed by high collaborations with other countries.
Citation analysis of journals
By setting a threshold of at least 5 articles per journal, the citation analysis of journals generated 693 out of a total of 4,141 journals. The results of the analysis show 14 different clusters (Fig. 4) . Table 6 reports the first five journals based on total link strength.
The results of the citation analysis of journals reflect relevant research domains dealing with ES. The journals Ecological Economics and Ecosystem Services rank higher than all other journals, showing the relevance of ecological and socio-economic studies in relation to ES research. It is noteworthy that the journal Ecosystem Services is ranked as the second most important, despite its recent foundation in 2012. This is likely due to its main focus on ES research in addition to the increasing attention given to the ES topic by the scientific community.
Co-occurrence of keywords
The co-occurrence analysis of keywords was performed for the periods BMA (1990 BMA ( -2005 and AMA (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) . For both analyses, a threshold of a minimum number of keyword occurrences equal to 5 was set. The BMA analysis resulted in 324 keywords out of a total of 5,535. Results show 7 different clusters (Fig. 5) . Table 7 reports the first five keywords based on total link strength. The scientific research on ecosystem services: A bibliometric analysis Although the keyword "ecosystem services" had the most occurrences (194), "biodiversity" ranked higher in terms of total link strength (996) than "ecosystem services" (794). This outcome is due to the stronger links of "biodiversity" compared to "ecosystem services". This could be explained by the fact that, before the publication of the MA, "biodiversity" was already a well-established concept and therefore more strongly connected to other research topics dealing with ES. Furthermore, the results highlight how the ES concept was already investigated for management and conservation purposes (Fig. 5) .
The AMA analysis generated 7,521 out of 66,193 keywords, showing 5 different clusters (Fig. 6) . Table 8 shows the first five keywords based on total link strength.
Apart from "climate change", the AMA analysis showed the same top keywords as the BMA analysis.
Although "ecosystem services" shows more than double the occurrences than "biodiversity" (9,490 vs. 4,422) and a much higher total link strength (55, 153) , it has almost the same number of links as the other top keywords. The total link strength shows that the concept of ES gained more attention in the scientific literature. In addition, results also suggest that climate change has become closely related to the study of ES in recent years.
Conclusions
In this study, we explored the global scientific literature on ecosystem services over the last thirty years. The attention drawn by the concept of ES has exponentially increased over time, especially after the publication of the MA report in 2005. The bibliometric analysis performed by using VOSviewer not only showed an increasing number of articles published on ES, but also allowed for investigating the relationships occurring among authors, journals, and countries dealing with the ES topic.
Social network analysis and maps based on network data make possible the application of systems thinking in bibliometric science and the analysis and visualization of a large amount of data. This type of analysis allows for the investigation of research development in specific fields of science, generating quantitative statements that capture the interdisciplinarity of research topics crossing the boundary of specific disciplines, as it is the case of ES.
